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About Us

* Biocomplexity Institute at the University of Virginia
* Using big data and simulations to understand massively
interactive systems and solve societal problems

e Over 20 years of crafting and analyzing infectious
disease models

* Pandemic response for Influenza, Ebola, Zika, and others

Points of Contact

Model Development, Outbreak Analytics, and Delivery Team

Bryan Lewis

brylew@virginia.edu Przemyslaw Porebski, Joseph Outten, Brian Klahn, Alex Telionis,
Srini Venkatramanan | | Srinivasan Venkqtramanan, Bryan Lewis, |
srini@virginia.edu Aniruddha Adiga, Hannah Baek, Chris Barrett, Jiangzhuo Chen, Patrick Corbett,

Madhay Marathe Stephen Eubank, Galen Harrison, Ben Hurt, Dustin Machi, Achla Marathe,
marathe @virginia.edu Madhav Marathe, Mark Orr, Akhil Peddireddy, Erin Raymond, James Schlitt, Anil Vullikanti,
Lijing Wang, James Walke, Andrew Warren, Amanda Wilson, Dawen Xie

Chris Barrett
ChrisBarrett@virginia.edu

fili UNIVERSITYs VIRGINIA

3-Jun-22 BIOCOMPLEXITY INSTITUTE ’


mailto:brylew@virginia.edu
mailto:srini@virginia.edu
mailto:marathe@virginia.edu
mailto:ChrisBarrett@virginia.edu

Overview

* Goal: Understand impact of COVID-19 mitigations in Virginia
* Approach:

* Calibrate explanatory mechanistic model to observed cases
* Project based on scenarios for next 4 months
* Consider a range of possible mitigation effects in "what-if" scenarios

* Outcomes:
* ||, Confirmed, Hospitalized, ICU, Ventilated, Death
* Geographic spread over time, case counts, healthcare burdens
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Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

* Case rates and hospitalizations seem to have peaked and started to decline

VA 7-day mean daily case rate slightly down to 37/100K from 39/100K
* US continues to decline to 36/100K (from 33/100K)

* VA hospital occupancy (rolling 7 day mean of 550) continues steady rise

Holiday effect clouds recent surveillance, however, trends from other states suggest a slowing is possible
around the moderately high levels currently experienced in VA

BA.2.12.1 continues to rise, but pace of growth has stalled

* Age

The situation continues to change. Models continue to be updated regularly.



Situation Assessment
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Case Rates (per 100k) and

Test Posi
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Number of Localities by PCR Test Positivity
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County level RT-PCR test positivity

-: <5.0% (or <20 tests in past 14 days)
Orange: 5.0%-10.0% (or <500 tests and <2000
tests/100k and >10% positivity over 14 days)
-: >10.0% (and not “Green” or “Yellow”)



District Trajectories

Goal: Define epochs of a Health District’s COVID-19 incidence
to characterize the current trajectory

Method: Find recent peak and use hockey stick fit to find
inflection point afterwards, then use this period’s slope to
define the trajectory

50

40 4 eeeer

30 4

204

10+

Hockey stick fit

Portsmouth

— Cases I
== Phase 1: May 14 |
—-. Phase 2: May 28 |
Phase 3: July 01 |
== Surge End Date I
== Change Point Search : 1 :
!
!
!
!

RS55: 3961.872

Apr
2020

Weekly Case Rate

Description (per 100K) bounds
Declining Sustained decreases following a recent peak below -0.9
Steady level with minimal trend up or down above -0.9 and below 0.5
Sustained growth not rapid enough to be considered a Surge above 0.5 and below 2.5
In Surge Currently experiencing sustained rapid and significant growth 2.5 or greater
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District Trajectories — last 10 weeks

# Districts

(prev week)
Declining 7(0)

Plateau 3 (0)
Slow Growth 4 (5)

In Surge 21 (30)

Curve shows smoothed case rate (per 100K)
Trajectories of states in label & chart box

Case Rate curve colored by Reproductive
number

I 15<=R<2
BN 11<=R<15
1 09<=R<1l
[ 05<=R<0.9
B 0.2<=R<0.5
I R<0.2

Arlington - Plateau

3-Jun-22

Py

=<1

il UNIVERSITYs VIRGINIA

BIOCOMPLEXITY INSTITUTE 8



CDC’s new COVID-19 Community Levels

What Prevention Steps Should You Take Based on Your

COVID-19 Community Level?

Low Medium
* Stay up to date with COVID-19 * |f you are at high risk for severe
vaccines iliness, talk to your healthcare

* Get tested if you have
symptoms

provider about whether you
need to wear a mask and take
other precautions

* Stay up to date with COVID-19

vaccines

* Get tested if you have symptoms

People may choose to mask at any time. People with symptoms, a positive test, or exposure to someone with COVID-19

should wear a mask.

COVID-19 Community Levels — Use the Highest Level that Applies to Your Community

New COVID-19
Cases
Indicators Low
Per 100,000 people
in the past 7 days

New COVID-19 admissions per 100,000

<10.0
population (7-day total)
Fewer than 200
W Percent of staffed inpatient beds
occupied by COVID-19 patients (7-day <10.0%
average)
New COVID-19 admissions per 100,000 NA
population (7-day total)
200
or more Percent of staffed inpatient beds
occupied by COVID-19 patients (7-day NA

average)

The COVID-19 community level is determined by the higher of the new admissions and inpatient beds metrics,
based on the current level of new cases per 100.000 population in the past 7 davs

3-Jun-22

Medium

10.0-19.9

10.0-14.9%

<10.0

<10.0%

High

Wear a mask indoors in public

Stay up to date with COVID-19
vaccines

Get tested if you have symptoms

Additional precautions may be
needed for people at high risk

for severe illness

High

=20.0

=15.0%

=10.0

=10.0%
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CDC Data Tracker Portal
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https://www.cdc.gov/coronavirus/2019-ncov/your-health/covid-by-county.html

CDC’s new COVID-19 Community Levels

B Low_both P I

Medium_single £

High_single ‘
Medium_both

Red outline indicates county had 200 or
more cases per 100k in last week

Pale color indicates either beds or occupancy
set the level for this county

Dark color indicates bo
occupancy set the leve

COVID-19 Community Levels - Use the Highest Level that Applies to Your Community

. o .

New COVID-19

Cases
Indicators
Per 100,000 people
in the past 7 days

| |;rq|r

COWID-19 Community Level Trends - irginia COWID-19 Community Level Trends - Usa

New COVID-19 admissions per 100,000

10.0-19.9
population (7-day total)

Fewer than 200 Percent of staffed inpatient beds

occupied by COVID-19 patients (7-day 10.0-14.9%
average)

New COVID-19 admissions per 100,000
population (7-day total)

200 or more

Percent of staffed inpatient beds
occupied by COVID-19 patients (7-day

average)
mEN DUDI Dl R il Bune  mmD T wnn man e Duba miGe mie
== The COVID-19 community level is determined by the higher of the new admissions and inpatient beds metrics,
!l,l,l_l_l! UNIVERSI I qu‘VIRGINIA based on the current level of new cases per 100.000 population in the past 7 davs
3-Jun-22 Data from: CDC Data Tracker Portal 10
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District Trajectories with Community Levels

Community Level
(Title Color)

High
High-Med
Med-High
Medium
Med-Low
Low-Med
Low

000NN

----- Cases/100K - No Smoothing |

—— Cases/100K
—== Change Point
—=—= From date

I
1
I
1
I
|
|}
|
1
1
e |
-1
I+
1
1
1
1
1
1
L

Curve shows smoothed case rate (per 100K) (i Shading]
CDC’s new Community Level aggregated to district = | |TEERT Shox ot
level in label & chart box color el
Case Rate curve colored by Trajectory
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District’s Aggregate
Community Level

Aggregate level a simple mean
of all levels for counties in district

Case rate
Trajectory

Arlington - Medium VA - Med-Low

Alleghany - Med-High Eastern Shore - Med-Low
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Estimating Daily Reproductive Number —
Redistributed gap

May 315t Estimates

VA state-wide RE with 7 day moving windaw by confirmation date redistributed GT 2022-05-09 WA RE by WHASS region with 7 day moving window by confirmation date redistributed GT 2022-05-09

—— Totalled ~ — central
/ '-," —— [Casten
14 [ — Farsw

Date Confirmed Date Confirmed

Region .
8 Re Diff Last Week ]
State-wide 0.877 -0.145 o y :
Central 0.878 -0.145 = L . .
Eastern 0.930 -0.094
Far SW 0.909 -0.223 Skipping Weekend Reports & holidays biases estimates
Near SW 0.857 -0.203 Redistributed “big” report day to fill in gaps, and then estimate R from
Northern 0.877 -0.141 smoothed” time series T
Irginia
Northwest 0.795 0.172 Y
Methodology
* Wallinga-Teunis method (EpiEstim?) for cases by confirmation date 2000
Serial interval: Discrete distribution from observations (mean=4.3, Flaxman et al, Nature 2020) 4000 - m
Using Confirmation date since due to increasingly unstable estimates from onset date due to backfill M
1. Anne Cori, Neil M. Ferguson, Christophe Fraser, Simon Cauchemez. A New Framework and Software to Estimate o
Time-Varying Reproduction Numbers During Epidemics. American Journal of Epidemiology, Volume 178, Issue 9, 1 J
November 2013, Pages 1505—-1512, https://doi.org/10.1093/aje/kwt133 °]

2021

3-_]L|h—22 Jun ]l:l| Al:lg Sép 12


https://doi.org/10.1093/aje/kwt133

Mask Usage and Vaccination

Self-reported mask usage continues to fall
* VA rebounds slightly in mask wearing

* Mask wearing remains lower amongst unvaccinated, especially among least willing to be vaccinated

PEOPLE WEARING MASKS CHART

All Doses - Daily
People Wearing Masks in Virginia
per 100 people

dose_number

50000 - —— doses

Fri May 27 - dosel
: —— dose2

—— dose3

40000 +

30000

01/30/2022 © 0227 ‘ "oo0327 ‘ o424
Date

05/22
Delphi Group, delphi.cmu.edu/covidcast

20000
All Dates <+

38.02 per 100 32.34 per 100

e Virginia | ‘ e United States
10000

il UNIVERSITY VIRGINIA Data Source: https://covidcast.cmu.edu
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Wastewater Monitoring

Wastewater provides a coarse early warning of COVID-19 levels in communities
* Overallinthe US, there is an increase in sites with increased levels of virus compared to 15 days ago
* Proportion of sites with current virus levels at or exceeding the max of previous historical levels, has further increased since last week

Historic percentile of current detected levels over the past weeks
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https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance

COVID-like Illness Activity

COVID-like lliness (CLI) gives a measure of COVID
transmission in the community

Emergency Dept (ED) based CLI is more

correlated with case reporting

Urgent Care (UC) is more sensitive and is a
leading indicator but is prone to some false

positives

As testing behaviors and case ascertainment

Weekly Reported cases

levels shift, these measures may capture
disease better than confirmed cases

Current trends in UC CLI are slightly up

Central Region

6000
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2000

3-Jun-22
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Virginia CLI and cases comparison
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Age-specific case rates across Virginia

Normalized case-rates across age groups
» Steady shift to older cases over the past couple months

Proportion of cases in each group
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SARS-CoV?2 Variants of Concern

United States

GISAID @ outbreak.info

Virginia

-
BAL1

Emerging new variants will alter the future trajectories |-:
of pandemic and have implications for future control

842121

* Emerging variants can:
* Increase transmissibility

Prevalence

* Increase severity (more hospitalizations and/or deaths)
e Limit immunity provided by prior infection and vaccinations

Genomic surveillance remains very limited

* Challenges ability to estimate impact in US to date and
estimation of arrival and potential impact in future

s eeEIE i

~

Prevalence

HHS Region 3: 2/20/2022 - 5/28/2022

- subvariant BA.2 dominates
Alpha B.1.1.7 201 (V1) :: :g:g Kingdom, 18-Dec-2020 E
Sep-2020 é
Beta B.1.351 GH/501Y.V2 20H (V2) +S:L18F fﬂ:;g::;ca' 18-Dec-2020 CDC nowcaSt for week ;
H th ; : :
Gamma P1 GR/501Y.V3 20J (V3) +S:681H EJI:VZ-HZlUZU 11-Jan-2021 endlng May 28 In Reglon 3 E ’
with BA 2.12.1 at 68% (last
Delta BA617.2 GM7BKVA  21A, 211, 21J s fndia. VOL: 4-Apr-2021 .
T s e week 66%), growth stalling
Omicron*  B.1.1.529 GRA 21K, 21L +R346K :lﬂ:frli:s. Vz: ot .
Nowaoz Yo Eer Overall BA.2.12.1 in USA
\v“;fjv World Health now at 59% (last week 52%),
\‘g,;___u Organization WHO

growth stalling
3-Jun-22
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B.1.1.529

3

Collection date, week ending

3

BA2121

HHS Region 3: 5/22/2022 - 5/28/2022 NOWCAST

Region 3 - , District of

Maryland, P

Virginia, and West Virginia

WHO label Lineage # US Class

%Total

95%P1

Omicron  BA.2.12.1 VOC  67.9%
BA2 VOC  287% 24.7-32.9%
B.1.1.529 VOC 34% 2351%
Delta B.1.617.2 VBM  00%  0.0-0.0%
Other Other* 0.0%  0.0-0.0%

may differ
#  AY.1-AY.133 and their
BA 3, BA 4, BA 5 and their
aggregaled with B.1.1.529.
aggregated with B.1.1.529, as they

from weighted e

ently cannol

gas are al
lb reliably cal \I d in @ach

S region. Except BA.2.12.1and its sul bl \eages. BA.2 s ubin ineages are aggreagated

with BA.2.

CDC Variant Tracking



https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/

SARS-CoV2 Omicron and Sub-Variants

As detected in whole Genomes in public repositories VoC Polynomial Fit Projections
Virginia Virginia
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Pandemic Pubs

1. Mt. Sinai documents BA.1 immunocompromised infection,
accumulation of eight AA substitutions over 12 weeks and
likely onward transmission in the same health system.

2. Refresher: the stages of Covid-19 go well beyond a 5 day
process.

3. Recent estimates of Rt using sequence surveillance place

BA.4 and BA.5 as both having a transmission advantage
over BA.2.12.1
4. Vaccines reduce but do not eliminate risk of Long COVID

Researchers in St. Louis found that vaccines reduce Long COVID risk by 15% with the largest
risk reduction in blood clots and pulmonary sequelae but less protection of other organ

systems in Breakthrough Infections (Btl).
https://twitter.com/virusesimmunity/status/1529691455866155009?s=12&t=URVOvQI-fZSKAhfsNb9xMg
https://www.nature.com/articles/s41591-022-01840-0

Risk and 6-month excess burden of post-acute sequelae in
those with Btl by acute phase care setting.

Risk and 6-month excess burden of post-acute sequelae in
those with Btl compared to those with SARS-CoV-2
infection without prior vaccination by acute phase care

Position

¥ Minor variant
* Transmitted SNV

The majority of amino acid changes occur at positions
known to confer either immune escape or altered
viral fusogenicity, some of the mutations have rarely
been seen in other lineages, and represent a unique
combination. Highlights need to limit spread and
employ therapeutic strategies to limit duration of

® Omicron BA.2

setting. infection.
- T—— et e ' https://www.medrxiv.org/content/10.1101/2022.05.25.22275
—— ] 533vl
Atleast one post-acule sequela ! - - At least one post-acute sequela —— ' . Delta
Gardiovascular E - e ‘ Cardiovascular ‘ ._._":_4‘ '
ARG TR 1 . ‘ Coagulation and hematologic ' - E
Fatigus E —_— ‘ Fatigue — 25¢ USA
oA ‘ E - e ‘ Gastrointestinal ‘ —
L ' - "
[E——
S ‘ : e ‘ Kidney ‘ v - #
e : 33,940 individuals with BTI
Mental health ! - ‘ i d | trols of
! e Mental health ! and several controls o
P = — ‘ pu—— people without evidence of -
B —— Metabalic —e—— ! . . CK
i ‘ —_— ! SARS-CoV-2 infection,
'
Museuloskeletal ‘ E -— ‘ Musculoskaletal ’ — f:L-—* including contemporary (n =
e - . 4,983,491), historical (n =
Nevrologie ‘ ' s ‘ s ‘ T 5,785,273) and vaccinated (n 05f
Pulmonary ‘ E - o ‘ — t =2,566,369) controls.
N —— Pulmonary —_— !
e e e Hazaarud ratio oo a0 %o 03 05 |.n 1.5 20 O . 0
Hazard ratio

B Non-hospitalized ™ Hospitalized

Omicron BA.5
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JE SEFL SO il BA.1
&S e"’%‘*“ba‘n.“%“«d? £&F Novel SNV This 2021 article from researchers and medical professionals across the

country highlights the phases of infection and the challenges posed by the
timeline for exposure to infection. One important note is that symptoms
often present earlier than shown here.
https://www.aidsreviews.com/get.php?x=aids 21 23 1 040-047.pdf&dp=0
https://twitter.com/danielgriffinmd/status/1531447216493174789

€)

The transmission
advantage, estimated from
US surveillance, may stem
from immune escape
mutations that make it
more resilient to
neutralization provided by
vaccination and prior
infection.
https://twitter.com/trvrb/s
tatus/15306496382770298

® Omicron BA.1
Omicron BA.4
® Omicron BA.2.12.1



https://twitter.com/virusesimmunity/status/1529691455866155009?s=12&t=URVOvQl-fZSKAhfsNb9xMg
https://www.nature.com/articles/s41591-022-01840-0
https://twitter.com/trvrb/status/1530649638277029888
https://www.medrxiv.org/content/10.1101/2022.05.25.22275533v1
https://www.aidsreviews.com/get.php?x=aids_21_23_1_040-047.pdf&dp=0
https://twitter.com/danielgriffinmd/status/1531447216493174789
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* Most are sustained
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Virginia and Her Neighbors
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United States Hospitalizations

US - Slow Growth

+ Hospital admissions Trajectories of States

are lagging case rates

# States
Status
(prev week)
Declining 6 (3)
Plateau 6 (8)
Slow Growth 32 (30) NG
In Surge 9 (12)
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County-level comparison to previous highest peak

* Most counties in VA have had the highest case rate of the pandemic in the last week
* Nationally the number of counties at their highest rate has expanded considerably

Recent Incidence Compared to Worst Week by County Recent Incidence Compared to Worst Week by County

Recent Incidence Compared to Worst Week by County
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County-level comparison to last Summer

* Most counties in VA have had the highest case rate of the pandemic in the last week
* Nationally the number of counties at their highest rate has expanded considerably

Recent Incidence Compared to Weekly Summer Mean by County Recent Incidence Compared to Weekly Summer Mean by County
Mean: 15.82; Median: 1.43; IQR: 0.49-4.06 Mean: 4.58: Median: 3.03; IQR: 1.97-5.52

idence Compared to Weekly Summer Mean by County
lean: 4.38; Median: 3.09; IQR: 1.99-5.37
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Using Ensemble Model to Guide Projections

Virginia
Ensemble methodology that combines the Adaptive with 500.0K | ™™ AR_spatial
. . e L. ) B AR
machine learning and statistical models such as: o e O
150.0K { Wmm SEIR
* Autoregressive (AR, ARIMA) Patchsim_adpt-Delta
EnKF
100.0K |
Il ST™ .
* Neural networks (LSTM) o el A
oL 50.0K 1 ZIaT -
* Kalman filtering (EnKF) ﬁ*ﬁ*L “i*'z./ % A
obmm®  ISbkg (SRe& \o&
) £, ] ) %
Weekly forecasts done at county level. T
Models chosen because of their track record in disease ] = 2 o
forecasting and to increase diversity and robustness. i =11 SlEm T f/\
. . . 255: :‘@f?:‘?“*fijr%#f o B S ««-J Sd”
Ensemble forecast provides additional ‘surveillance’ for
making Scenario_based projections. . =$jpam‘ Roanoke City, Virginia sk =:-Spaml Henrico, Virginia
Also submitted to CDC Forecast Hub. _ IEE—- /\
- L | )
oio‘f ﬁ‘h WKM\ 5#—44?&"']% e 0.0 “““dwﬁ*"“ <SSe \-&*‘f.‘-
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Last week’s projection comparison

Projection from last week (May 21!)

Virginia Daily Confirmed - Comparison 2022-05-21

Projections from previous month
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COVID-19 Scenario Modeling Hub — Round 13

Collaboration of multiple academic https://covid19scenariomodelinghub.org/viz.html
teams to provide national and state- S U T ———
by-state level projections for 4 IR ‘,.k ﬁ |
aligned scenarios I 4 i |
. . . \*'/ ‘E'"- \"‘J “.\‘ \:’{ \\E_ﬁ— yr,,‘f‘ah_g——*r
° R oun d 13 resu |tS g ettl ng fl Nna I iz ed U | (S e e N gy, TSI i e s et
* Scenarios: New Variant in Summer ,*"'%, f"%, f"x‘ f"%
) ! 1 1 1
and waning compared (yes/no new f \ f \ i f;
variant vs. 4 month or 10 month w -~ | \‘" '

waning)
* Prelim results shared internally

* Only national consortium tracking
Omicron wave well

 Rounds 4-12 now available
Round 4 Results were published

May 5t, 2021 in MMWR
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